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Abstract
[ Purpose / Significance ] Based on article keywords and title segmentation, this
study analyzes the diversity of both elements and the differences in knowledge
graphs constructed from them.

[ Method / Process ] Relevant papers on the research topic of “academic mis-
conduct”were crawled from CNKI (China National Knowledge Infrastructure)
covering 2010-2019. Diversity indices were employed to quantitatively analyze
the characteristics of article keywords and title segmentation, and CiteSpace
software was used to qualitatively compare the architecture of knowledge graphs
based on keywords versus title segmentation.

[ Results / Conclusion ] The richness (S), diversity (H’), and evenness (EH)
indices of keywords all differed from those of title segmentation, and weak simi-
larity was observed between the two units, indicating that article keywords and
title segmentation constitute distinct units. Although the knowledge graphs con-
structed based on them showed differences, both could effectively reveal research
themes in the “academic misconduct”field from their respective perspectives.
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Abstract
[Purpose/Significance] This study aims to explore the diversity between
article keywords and title segmentation words, as well as the differences in
knowledge mappings constructed from these two sources. [Method/Process]
We retrieved academic papers on the theme of “academic misconduct”from
CNKI (CSSCI source journals) spanning 2010–2019. Using diversity indices,
we quantitatively analyzed the characteristics of keywords and title segmenta-
tion words, and qualitatively compared their knowledge mapping architectures
through CiteSpace visualization software. [Result/Conclusion] The results
show that the richness index (S), Shannon-Wiener diversity index (H�), and
Pielou evenness index (EH) of keywords all differed from those of title seg-
mentation words, with weak similarity between the two units, indicating that
keywords and title segmentation words represent distinct analytical units. Al-
though the resulting knowledge mappings showed differences, both approaches
effectively revealed research themes in the “academic misconduct”field from
their respective perspectives.

Keywords: academic misconduct; keyword; title; Chinese word segmentation;
diversity; knowledge mapping

Introduction
Knowledge mapping integrates theories and methods from applied mathemat-
ics, graph theory, information science, and other disciplines with bibliometric
approaches such as citation analysis and co-occurrence analysis. Through visual
mapping, it reveals the core structure, developmental history, frontier areas, and
overall knowledge architecture of a discipline, achieving multidisciplinary inte-
gration. This approach can display complex knowledge domains through data
mining, information processing, knowledge measurement, and graphical repre-
sentation, uncovering dynamic developmental patterns and providing valuable
references for disciplinary research [1]. Current knowledge mapping tools in-
clude CiteSpace, HistCite, Sci2 Tools, Leydesdorff, Ucinet, Pajek, VOSviewer,
and others [2]. Among these, CiteSpace is the most widely used and function-
ally powerful information visualization software, enabling analysis of co-citation
networks, co-occurrence networks, or collaboration networks through selectable
node types to generate visualized, sequential knowledge maps [3-5].

In published CiteSpace-related papers, a significant proportion involves
co-occurrence analysis of keywords. Keywords are words or terms selected
from reports and papers for literature indexing purposes to represent the main
content of the full text [6]. As the “abstract of the abstract,”they highly
summarize the paper’s theme and concentrate the core essence of its content.
Co-occurrence analysis of keywords can explore research hotspots, trends, and
knowledge structures in a field. For data sources without keywords (such as
paper titles, fund projects, online public opinion, or film reviews), Chinese
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word segmentation is primarily employed [7-9]. Segmentation is the process of
reorganizing a continuous character sequence into word sequences according to
specific rules. Paper titles are brief statements indicating article content and
constitute the most important part of a paper. Segmenting titles yields words
that cover article content and main ideas.

Both paper keywords and title segmentation words can reveal thematic con-
tent. For the same article, what is the relationship between keywords and title
segmentation words, and what differences exist in the knowledge mappings con-
structed from them? This study uses CNKI (CSSCI source journals) as the data
source, retrieving research literature on“academic misconduct.”Using diversity
indices for quantitative analysis of keywords and title segmentation words, and
employing CiteSpace software for qualitative comparison of mapping architec-
tures based on these two word sources, this research provides both theoretical
foundations and practical significance for related studies.

1. Methods
1.1 Data Sources

We retrieved academic papers on the theme of “academic misconduct”from
CNKI (CSSCI source journals). The search query was: “Subject = academic
misconduct OR academic fraud OR academic ethics OR research integrity,”
with publication years from 2010 to 2019. The retrieval date was October 24,
2019. After removing notices, calls for papers, and declarations, we obtained
757 academic papers. We then crawled and compiled bibliographic information,
including paper titles, authors, and keywords.

1.2.1 Title Segmentation

Title segmentation should follow these principles: (1) Select words that clearly
express thematic concepts; (2) Remove meaningless words; (3) Merge vocab-
ulary with identical meanings but different expressions. For example, after
standardization, terms such as academic misconduct and academic corruption
were unified as “academic misconduct behavior,”while AMLC and academic
misconduct detection systems were unified as “academic misconduct literature
detection system.”

Based on these principles, we used the ROSTCM6 software developed by Wuhan
University to segment titles. Directly obtained keywords had relatively coarse
granularity and unsatisfactory clustering effects, so we supplemented user dic-
tionaries through manual annotation to meet research requirements. A data
cleaning tool was then used to clean and merge segmented words.

1.2.2 Diversity Analysis of Keywords and Title Segmentation Words

Diversity is a common concept in ecology. Commonly used diversity indices
include the richness index (S), Shannon-Wiener diversity index (H�), and Pielou
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evenness index (EH), which are used to assess the diversity and complexity of
communities or ecosystems [10-12]. This study borrows these three indices to
describe the diversity of keywords and title segmentation words.

Formulas (1) and (2) are used for calculation, where S represents the number of
keywords or title segmentation words; Pi represents the relative abundance of
word i, indicating the proportion of a particular word’s count in the total word
count, i.e., Pi = ni/N, where ni is the count of word i, and N is the total count
of all keywords or title segmentation words.

To examine similarity between the two units, we employed the Sørensen index
(CS) and Jaccard index (CJ) for analysis. These ecological indices reflect species
composition similarity between communities [13] and are here used to reflect
word similarity between units.

In these formulas, c represents the number of shared words between keywords
and title segmentation words; a and b represent the word counts of keywords
and title segmentation words, respectively.

1.2.3 Format Conversion for Title Segmentation Words

As is well known, CiteSpace software can only analyze literature from specific
databases and cannot directly process data from other sources. We used format
conversion software to transform data from non-specific databases into formats
recognizable by CiteSpace for analysis.

1.2.4 Co-occurrence Analysis of Keywords and Title Segmentation
Words

Co-occurrence analysis examines keyword or title segmentation word sets in a
dataset. Through visualization analysis, it can identify disciplinary structures
and research hotspots in a field. We used “academic misconduct”research lit-
erature keywords and title segmentation word sets as analysis units, employing
CiteSpace to generate thematic clustering maps to compare knowledge architec-
tures in this domain.

Visualization parameters were set as follows: timespan 2010–2019, time slicing
= 1 year, node types = keyword, node strength defaulting to Cosine and Within
Slices options, selection criteria using Top N per slice = 50, and pruning function
defaulting to no pruning. This generated co-occurrence knowledge maps for both
keywords and title segmentation words.

2. Results
2.1 Word Composition of Keywords and Title Segmentation Words

We statistically analyzed keywords and title segmentation words from“academic
misconduct”literature, obtaining 3,131 keywords and 3,094 title segmentation
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words. After consolidating identical items from each unit, we ultimately identi-
fied 1,541 unique keyword terms and 1,432 title segmentation word terms.

The frequency distribution and word counts at each frequency level are shown in
Table 1 . The keyword with highest frequency (344 occurrences) was“academic
misconduct behavior,”followed by“research integrity”(95) and“academic ethics”
(77). The minimum frequency was 1. As frequency decreased, the number of
keywords at that frequency increased. For example, high-frequency words like
academic misconduct behavior, research integrity, academic ethics, and gradu-
ate student had fewer words at their frequency levels (1 each), while keywords
with frequencies of 3 or below were numerous. There were 147 keywords with
frequency = 2 and 1,254 with frequency = 1, accounting for 40% of the total.
The most frequent title segmentation word was also “academic misconduct be-
havior”(268 occurrences), followed by“graduate student”(107) and“university”
(84). The minimum frequency was also 1, with 1,094 words occurring only once,
representing 35.36% of all title segmentation words.

For“academic misconduct”research, keywords included 37 more words than title
segmentation words, with 109 more total terms (7.61%), indicating that paper-
provided keywords are richer than title segmentation words. However, high-
frequency words were relatively consistent between both approaches, including
academic misconduct behavior, graduate student, university, research integrity,
and scientific journals, suggesting that core terms remain constant regardless of
method.

2.2 Diversity of Keywords and Title Segmentation Words

Based on word frequencies and counts, we analyzed the diversity of these two
units. Since CiteSpace visualization requires a frequency threshold $�$2, we
analyzed diversity for all words and for words with frequency $�$2 separately.

We primarily used richness index (S), Shannon-Wiener diversity index (H�),
evenness index (EH), Sørensen index (CS), and Jaccard index (CJ) to analyze
diversity from both intra-unit and inter-unit perspectives, exploring differences
in quantity, abundance, and distribution of words expressing the same theme
from different sources, as well as their similarity. Richness, Shannon-Wiener,
and evenness indices are 𝛼-diversity indices measuring intra-unit structural di-
versity. Richness index (S) reflects word quantity; Shannon-Wiener index (H�)
reflects intra-unit diversity based on word counts, with higher H� values indicat-
ing greater information content and diversity; evenness index (EH) reflects dis-
tribution uniformity, with higher EH values indicating more equal word counts.
Sørensen and Jaccard indices are 𝛽-diversity indices measuring inter-unit simi-
larity, with higher values indicating greater similarity and consistency.

Diversity measures are shown in Table 2 . For all keywords, richness index was
1,541, Shannon-Wiener index was 6.25, and evenness index was 0.85. For all title
segmentation words, richness was 1,432, Shannon-Wiener index was 6.26, and
evenness index was 0.96. Keywords showed greater richness than title segmen-
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tation words, with similar Shannon-Wiener indices, but lower evenness, as title
segmentation words had more uniform distribution. Since words with frequency
= 1 were numerous, richness decreased substantially for words with frequency
$�$2: keyword richness dropped 81.38% (to 287), while title segmentation word
richness decreased 76.40% (to 338). For these higher-frequency words, keywords
showed lower richness (287) and diversity (4.54) than title segmentation words
(338 and 4.86, respectively), but similar evenness. CS and CJ measured simi-
larity between units. For all frequencies, similarity was low (CS = 0.39, CJ =
0.24). For frequency $�$2 words, similarity was slightly higher (CS increased
17.95% to 0.46, CJ increased 25% to 0.30), but still indicated weak correlation.

3. Comparison of Knowledge Mappings
3.1 Graph Parameter Comparison

Based on keywords and title segmentation words from 2010–2019 publications
and using uniform parameter settings, co-occurrence networks were generated
as shown in Figure 1 [Figure 1: see original paper]. The software selected the
top 50 most cited words per year, with each word appearing at least twice. In
Figure 1, numbers represent cluster IDs, and node size indicates word frequency.

Graph parameters displayed in the upper-left corner include software informa-
tion, runtime, data location, timespan, selection criteria, network generation,
pruning method, modularity, and mean silhouette value. Modularity and mean
silhouette reflect overall graph characteristics. Table 3 presents parameters
for both mappings, including N (nodes), E (links), density, modularity, and
silhouette. The keyword-based mapping had 115 nodes and 327 links with
density 0.0499. The title segmentation mapping had 131 nodes and 420 links,
representing increases of 13.91% and 28.44% respectively, with similar density
(0.0493). Modularity and silhouette are crucial parameters. The keyword map-
ping showed modularity 0.4352 and silhouette 0.3667. The title segmentation
mapping showed modularity 0.4115 (5.7% lower) and silhouette 0.4935 (34.58%
higher), indicating higher cluster homogeneity. Both modularity values ex-
ceeded 0.3, the threshold for significant clustering structure, confirming that
both approaches produce valid cluster structures.

3.2 Word Comparison in Mappings

Word frequency and betweenness centrality indicate term importance in the
mapping. Betweenness centrality quantifies node importance in networks [2];
higher values indicate greater significance. In the keyword mapping, 9 words
had frequency $�$30, totaling 782 occurrences. “Academic misconduct behav-
ior”ranked highest (340 occurrences, betweenness centrality 0.38), followed by
“research integrity”(92, 0.23), “academic ethics”(76, 0.20), and “graduate
student”(67, 0.32). While frequency and centrality rankings didn’t perfectly
correspond, they were generally consistent. In the title segmentation mapping,
7 words had frequency $�$30, totaling 639 occurrences—fewer than the keyword
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mapping. However, main terms were similar, including academic misconduct be-
havior, research integrity, academic ethics, graduate student, scientific journals,
and university. The highest-frequency term was again academic misconduct
behavior (262, betweenness centrality 0.39).

3.3 Cluster Comparison

Cluster analysis is an exploratory data mining method for identifying and ana-
lyzing significant term categories and contexts in specific research fields. It uses
algorithms to structure data into clusters, revealing thematic distributions and
organizational structures [14].

Table 4 shows words with frequency $�$30 in both mappings, including term
frequency and betweenness centrality. The keyword mapping formed 6 clus-
ters: #0 academic ethics, #1 executive editor, #2 academic journals, #3 dis-
sertations, #4 research management, and #5 anomie. The title segmentation
mapping also formed 6 clusters: #0 academic misconduct behavior, #1 re-
search integrity, #2 practice, #3 academic ethics anomie, #4 retraction, and
#5 MOOCs. Table 5 presents cluster information, including nodes per cluster
and silhouette values. In the keyword mapping, all clusters had high silhouette
values. In the title segmentation mapping, all clusters except #1 (silhouette
0.375) showed high homogeneity. Combined with Figure 1 parameters, both
mappings demonstrate ideal clustering.

Based on semantic structure and thematic relevance, clusters can be integrated.
The keyword mapping integrates into three knowledge domains: (1) academic
misconduct behavior and anomie (#0, #5), covering specific manifestations; (2)
executive editor and academic journals (#1, #2), reflecting the journal focus;
(3) dissertations and research management (#3, #4), showing universities as
another key research area. The title segmentation mapping also integrates into
three domains: (1) academic misconduct behavior, research integrity, and aca-
demic ethics anomie (#0, #1, #3), focusing on core issues; (2) practice and
MOOCs (#2, #5), covering prevention through literacy education and system
construction; (3) retraction (#4), examining consequences and impacts of re-
tracted papers.

Both mappings share similarities and differences in cluster structure, related to
word sources. Keywords include both core and non-core thematic terms—those
limiting/modifying core concepts, specific research content, new methods, and
temporal/spatial factors—together summarizing themes and core content. Title
segmentation words, derived from titles that distill and condense essential con-
tent, mostly represent core thematic terms with fewer non-core supplementary
terms, potentially lacking some modifiers. Consequently, both mappings clearly
and objectively display research themes in academic misconduct, but with differ-
ent emphases: keyword-based mappings focus more on research problems, while
title segmentation mappings emphasize research methods and approaches.
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4. Discussion and Conclusion
(1) Expanded Application of CiteSpace Software. How to quickly clarify
research architectures from massive literature, identify the most critical effective
information, and understand past, present, and future trends is a major chal-
lenge in scientific research. Knowledge mapping provides a valuable scientific
approach to this problem. The information visualization software CiteSpace is a
powerful tool whose mappings offer“one map showing history at a glance”char-
acteristics [2], gaining widespread application since its inception. Currently,
CiteSpace can only analyze literature from specific databases (WoS, Scopus,
ADS, arXiv, CNKI, CSSCI, NSF, CSCD, Derwent patents, etc.) and cannot di-
rectly process data from other sources. We used format conversion software to
transform non-specified database data into CiteSpace-compatible formats. Re-
sults demonstrate this method is scientifically effective, expanding CiteSpace’
s data sources and providing references for visualizing data from non-specified
databases.

(2) Diversity of Keywords and Title Segmentation Words. Language,
as a tool for logical thinking and reasoning, has words as its basic elements
[16]. Using keywords and title segmentation words from academic literature
as conceptual evolution foundations, we employed richness index (S), Shannon-
Wiener index (H�), evenness index (EH), Sørensen index (CS), and Jaccard
index (CJ) to compare diversity between these word types.

For academic misconduct research, keywords included 109 more terms than title
segmentation words, though high-frequency terms remained consistent. This
indicates that core terms are identical regardless of method. For all words,
keywords showed greater richness than title segmentation words, with similar
diversity indices but lower evenness due to less uniform distribution. Exclud-
ing numerous single-occurrence words, richness and diversity for frequency $�$2
words decreased substantially for both approaches, with keywords showing lower
richness and diversity than title segmentation words but similar evenness. CS
and CJ indicated weak similarity between units for both all-frequency and high-
frequency words, confirming they are substantially different units—a finding that
supports subsequent knowledge mapping.

(3) Co-occurrence Networks of Keywords and Title Segmentation
Words. Keywords facilitate literature indexing and retrieval, representing full-
text thematic content. CiteSpace automatically extracts keywords from conven-
tional databases, including both core and non-core thematic terms. This study
additionally obtained words through title segmentation, yielding mostly core
thematic terms with fewer non-core terms. Both approaches contain core and
non-core terms but differ in quantity and content, resulting in mappings with
both similarities and differences. Both clearly and objectively display academic
misconduct research themes, but with distinct emphases: keyword-based map-
pings focus on research problems, while title segmentation mappings emphasize
research methods and approaches.
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